Abstract. The present contribution describes a chromatic processing approach for quantifying the two dimensional, polychromatic interference patterns produced by a strained photo-elastic element and recorded with a CCD camera. The outputs from the three R, G, B channels of the camera covering a selected area of the interference pattern are processed to yield three chromatic parameters which are H (dominant signal wavelength), L (nominal signal strength), S (effective wavelength spread of signal). It is shown that the value of each of the three parameters varies with strain in a quasi cyclical manner, all being out of phase with each other. Consequently the strain measurement range and sensitivity can both be optimized by the use of the appropriate chromatic parameter within different strain ranges. The latter may be deployed in one of several forms, e.g. Tardy method, use of compensators, digital photoelasticity [6] or chromatic evaluation of optical fibre based photo-elastic elements [7] . More recently Madhu and Ramesh [8] have considered colour adaptation in three fringe photoelasticity. The present paper is concerned with a further evaluation of the chromatic addressing [9] of photoelastic elements subjected to mechanical strain. A detailed investigation is made of the strain levels over which each of three parameters (H, L, S) produced by chromatic processing [9] can be used to advantage for optimizing the measurement range and the sensitivity. For this purpose use has been made of two dimensional, polychromatic, photo-elastic interference patterns recorded with a CCD camera.
Introduction. There are several experimental methods for measuring strain such as foil strain gauges [1] split Hopkinson pressure bar (SHPB) or Kolsky bar technique [2] , velocity interferometers [3] etc. There are also several optical methods such as the caustics method [4] Moiré techniques (interferometry or photography), speckle interferometry, photo-elasticity [5] , etc. The latter may be deployed in one of several forms, e.g. Tardy method, use of compensators, digital photoelasticity [6] or chromatic evaluation of optical fibre based photo-elastic elements [7] . More recently Madhu and Ramesh [8] have considered colour adaptation in three fringe photoelasticity. The present paper is concerned with a further evaluation of the chromatic addressing [9] of photoelastic elements subjected to mechanical strain. A detailed investigation is made of the strain levels over which each of three parameters (H, L, S) produced by chromatic processing [9] can be used to advantage for optimizing the measurement range and the sensitivity. For this purpose use has been made of two dimensional, polychromatic, photo-elastic interference patterns recorded with a CCD camera.
Measurement System. The experimental system used for the present tests was based upon monitoring the mechanical strain in a cantilever beam when loaded to various extents (Fig. 1) . A polychromatic light source (Tungsten halogen lamp) was used to illuminate a 3mm thick photoelastic element (PS-1A [10]) bonded to the strained beam with PC-1 Vishay Epoxy [10] resin adhesive. Images of the polychromatic fringes produced by the strained photo-elastic element were obtained using a 7 MegaPixels CCD camera in conjunction with an optical polarizing filter. The outputs from the CCD camera were transferred to a personal computer for chromatic processing. Simultaneous to capturing the images of the photo-elastic fringes, the corresponding strain values to which the beam was exposed were recorded with a strain gauge bonded with M-BOND 200 Vishay Adhesive [10] to the beam which was situated under the beam and below the photo-elastic sensing element (Fig. 1) . (2) interference signal) may be captured with a CCD camera via a matrix of three pixel detectors (R, G, B) at each spatial location and which have overlapping wavelength responses ( Fig. 2 ) [9] . The outputs from the detectors (r, g, b) can be transformed into three signal defining, chromatic parameters which are the dominating wavelength (H), nominal signal strength (L) and effective wavelength spread of the signal (1-S) [9] . Values of each of these chromatic parameters (H, L, S) may then be calibrated against strain values measured simultaneously with a strain gauge (Fig. 1) . The algorithms used for the r, g, b transformation to H, L, S are given in Appendix I. 2 ] over 20 * 20 mm actual area), using specially developed software ( Droptri. [11] ). This sector was located directly above the foil strain gauge which was situated under the beam and below the photo-elastic sensing element (Fig. 1) . Examples of H, L and S values determined in the above manner during a single test used for calibration are shown for different strain levels applied to the beam on Fig. 3 (a) , (b), (c) respectively. These results exhibit quasi cyclic features with the maximum value plateau progressively shifted to higher strain values in order H, L, S. In particular:
 H is insensitive to strain in the range 0 -4.5 E-05 micro-strain but thereafter reduces monotonically (20° < H < 60°) as the strain increases further.  L is insensitive to strain in the range 5 E-05 -1.0 E-04 micro-strain but corresponds to two micro-strain values outside this range (0.2 < L < 0.8)  S is insensitive to strain in the range of 0 -7.5 E-05 micro-strain but thereafter increases monotonically (0.2 < S < 0.42) as the strain increases further. By using a look up table for the H, L, S parameters and strain measured with the strain gauge, strain calibrated values Hm, Lm, Sm for each of the three chromatic parameters can be obtained as indicated on the Flow Diagram of Fig. 4 . The regions of high sensitivity for each parameter indicated on Fig. 3 can then be selected to provide a preferred strain value. As a result, the measurement range and sensitivity can both be optimized. Experimental Results. Three additional tests were performed on the cantilever beam loaded to different extents. Values of H, L, S were determined from the resulting camera records. These were then converted into strain values (Hm, Lm, Sm) using the results from the calibration test (Fig. 3) . The results show an overall linear correlation between the chromatically derived (Hm, Lm, Sm) and the imposed strain values with a coefficient of determination R 2 =0.955 [12] . The scatter for each chromatic parameter is more pronounced in the strain range within which it exhibits low resolution ( Fig. 3 (a), (b), (c) ). i.e. at lower strain level for Hm (<4.5 E-05) and Sm (<7.5 E-05), but within the mid strain range for Lm (6 E-05 -1.1 E-04) which shows highest scatter. Overall, the best behaved of the three chromatic parameters appears to be Hm with a coefficient of determination R 2 = 0.988 compared with R 2 =0.974, 0.906 for Lm and Sm respectively. Thus, a preferred option would be to rely upon the use of Lm at low strain values, Hm for the mid range and a combination of Hm, Lm, Sm for the high range (Fig. 5) . 
Conclusions.
Results have been presented for the variation of three chromatic parameters (H, L, S) with micro-strain, the chromatic parameters being derived from CCD camera images of the interference pattern produced by a photo-elastic element. It has been shown that the variation of these parameters with strain have quasi-cyclical features, each being phase shifted with respect to the others. This has the potential for providing an extended measurement range at optimum sensitivity by automatically selecting the appropriate chromatic parameter most suitable for particular ranges of strain.
Inspection of the raw outputs (r, g, b) from the R, G, B camera pixels indicates that although these outputs also show a wavelength dependent cyclical behavior, the phase differences are considerably less than those observed with the chromatic parameters H, L, S, so making the latter the preferred choice. Other chromatic parameters (e.g. x=r/(r+g+b), y=g/(r+g+b) [7] ) also show some cyclical Applied Mechanics and Materials Vols. 24-25behavior but cannot be so conveniently processed as H, L, S to provide range extension and optimum sensitivity. Ongoing work shows that the calculation procedure involving H, L, S described here can be significantly simplified using secondary chromatic processing [9] to produce a linear relationship between chromatic properties and micro-strain.
